Introduction
up growth" in clinical situations, may be observed A compensatory surge of growth tends to occur during aftcr sholt periods of malnutrition or illness [12] . the recovery phase alter growth arrest in multicellular There are, however, circumstances in which catch-up organisms. The phenomenon, generally called "catchgrowth occurs only partially or not at all, such as when Occasionally there is a disappointingly sluggish growth response and failure to gain expected length in the adequately treated cretin. We have also observed a failure of catch-up after total adtenalccloiny lor long standing, recurrent. Gushing's syndrome in a child who still showed x-ray evidence of growth potential; there was an inadequate catch-up growth of height in spite of administration of human growth hormone and thyroxine.
The present experiments in the postweaning period produced failures of catch-up growth of both body weight and tail length in rats after short, periods of cortisone injection or propylthiouracil leeding. In parallel experiments with undernuti ition, however, catch-up was almost complete. The findings, which are discussed, indicate certain complexities in the problem of the control of catch-up growth; and they suggest the usefulness of the laboratory models as analogues of sonic failures of catch-up that are observed clinically.
Materials and Methods
One hundred eight male black hooded rats of the Long-Evans strain [21] , obtained at a body weight of 60-70 g, were maintained in the animal laboratory of Memorial Hospital of Long Beach. Temperature was controlled between 21.2-26.7°. A I 1-hr light cycle was maintained. The rats were kept one to a cage in racks with hanging cages, 7 by 7 by 10 inches. The standard diet in the catch-up growth study was bought in powdered form [22] and further reduced in a colfee mill to an even more powdery consistency. The propylthiouracil diet was prepared by adding fi-propylthiouracil (PTU) [23] to the powdered standard diet to make a concentration of ().\'"o. The mixture was stirred mechanically for 2 In.
Growth retardation was produced by withholding food, by daily subcutaneous injection of 5 ing cortisone acetate [21] , or by leeding the P I U diet. There were three experiments. The firs! and third had lour groups of rats: control, fasted, cortisone-Heated, and those led 1' III. The second experiment had only control and fasted rats. The ages of the rats at the beginning of the experiments were 38 days in experiment I, 37 days in experiment II, and II days in experiment III. The rats were assigned lo the groups by rotation from a list of all the animals arranged in order of body weight. This maintained nearly equal means and distributions for the groups at tlie start of the experiment. The fasted groups in the three experiments had food withheld for 21, 48, or 72 hr, respectively. The corresponding groups (treated with cortisone and fed PTU) were treated until the difference between their mean body weight and mean weight of the control group approximately equaled the maximal difference between the fasted and control rats. The duration of treatment for cortisone and PTU groups was 4 and 13 days, respectively, in experiment I; and 8 and 18 days, respectively, in experiment III. Tn the first experiment a second 1-day fast was carried out 12 days after the first fast. At that time the fasted group was divided into two subgroups; one was given six daily injections of 0.5 ing bovine growth hormone [25] in 0.2 ml saline intrapei itoneally, and the other was given daily injections of an equal volume of saline. There was no second treatment with cortisone or PTU in this experiment. All animals survived to the end of the experiment. Food and water were given ad libitum with an excess present al all times except in periods of fasting. Food intake records were kept in all the experiments.
Body weight was measured to the nearest 0.1 g. Tail length was measured to the nearest millimeter according to the method of De Grool [3] ,
Results

Fast
Velocity of body weight rose after refeeding and became maximal during the first 2-1 days [26] . There was nearly complete catch-up of body weight by 57 days in experiment II and by (i() days in experiment III. Incomplete catch-up occurred in the double lasted group in experiment I, but the catch-up was maximal within 5 days of each fast.
Velocity of tail length underwent a steady gain after refeeding and reached the control value at from 7 to 12 days depending on the length of the fast period. In experiment III velocity thereafter surpassed that of controls and then decreased gradually during the periods ol observation. There was complete catch-up in tail length.
The administration of growth hormone to some of (he 1-day lasted rats of experiment I had no significant effect on growth of body weight or tail length.
Cortisone
Velocity of body weight promptly dropped to nil until injections ceased. It regained the control value at 8-15 days, depending on the period of injections, and remained at the control level thereafter. The di(Terence in body weight was maintained.
The patterns of tail length were similar lo those of body weight, although they were more variable. In experiment III normal velocity was regained by 11 days. The tail length growth curves, as in the case of the body weight growth curves, showed essentially no catch-up.
PTU
Body weight velocity dropped abruptly on day 1 because of a brief reduction of food intake, but returned to normal levels in the following measurement interval. Thereafter velocity steadily declined until PTU was discontinued. There was a reversal toward increasing velocity with the velocity curves crossing the control curves at 20-23 days depending on the duration of PTU feeding. This increase over the velocity of the controls lasted for 10-20 days. The growth curves tended to parallel those of the controls after Hi days in experiment I and 31 days in experiment III. There was no appreciable catch-up prior to that time in experiment I; slight catch-up occurred in experiment III.
Tail length velocity also declined initially and then returned to a normal level at 22-25 days depending on the length of time PTU was fed. Thereafter velocity exceeded control values. This was more marked in experiment III in which PTU was fed longer. The tail length growtli curve reflected the changes in velocity and demonstrated a late partial catch-up. In experiment III the growth curve surpassed that of the cortisone group at about 51 days of the experiment.
Body weight ami tail length growth curves for the fasted, cortisone, and PTU groups of experiment III are shown in Figure 1 . The corresponding velocity curves are shown in Figure 2 .
Discussion
It has been shown that cortisone, undeinutrition, and hypolhyroidism in the rat prior to weaning produce loss of cells [I, 17, 1!)]. In the case of undernutrition the growth deficit is reparable by refeeding to a variable extent depending on the time, duration, and sevei--ity of undernutrition [(i, 18] . Undernutrition after weaning, however, may be followed by complete catch-up of body weight, possibly because the growth impairment at the later age involves relatively less reduction in cell number [8] . The present experiments show that in rats well past weaning and past the main burst of tell multiplication [1, 20] catch-up growth may not follow growth arrest produced by cortisone or hvpothyroidism. Conditions were produced in these experiments that may be analogous to those resulting in inadequate catchup growth patterns that are sonictimes observed clinically. The mechanism by which cortisone produced permanent growth impairment in these experiments is obscure. Treatment of 3-week-old mice with a dose of 20 nig/kg/21 hr for 1-0 days produces profound changes in chondrocytes, ranging from a decrease in size and a disturbance of organellar development to cell death and fibrillar microscais in the matrix of the subai ticular cartilage of the femur [14] . In epiphyseal cartilage of the rat, cortisone produces an early effect of limiting capacity of chondrocytes to self-replicate and a late ellect of restricting their modulation toward the osteoblast class [16] . Prolonged disturbance in bone morphology may result, depending on the size of the dose [5] . The ultramicroscopic effects of cortisone on cartilage differ in some respects from those of tindernutrition or hypothyroidism [15] . Parenthetically, one might add that since studies of glucose stores or glycolytic enzyme activity show nonspecific reduction alter cortisone and several other metabolic states [7, 9, 10] it is necessary to correlate anatomical and particularly ultrastniclural observations of cartilage with biochemical data when interpreting skeletal growth data.
We have reported that after growth arrest produced by cortisone there is a prompt return to normal proportions between body weight and tail length even when the individual measurements do not catch up [11] . One interpretation of this result is that there may be a separate mechanism governing body proportions. This hypothesis complicates the problem of catch-up growth control by adding the possibility that growth in one dimension may be controlled in order to maintain a certain proportion to another that suffered damage to its growth mechanisms. As an example, using our present model, one might conceive that a certain dose of cortisone curtails growth potential of cartilage and this is compensated by the hypothetical control through retardation of growth of other tissues.
Although fasting for only 1 day significantly retards proliferation and growth of chondrocytes [13] , nearly complete catch-up occurred after even a 3-day fast. By contrast, after propylthiouracil feeding was discontinued, a relatively slow trend of catch-up was seen long after food intake had returned to normal. This is not entirely surprising as cartilage in immature animals responds to hypothyroidisin with marked retardation of cellular and organellar development; degenerative changes in mitochondria perhaps indicative of exhaustion have been noted [15] .
These results do not permit a conclusion that the different patterns of catch-up are directly related to cartilage changes. They illustrate the complexity of the problem of the mechanism controlling compensatory rates of growth, however, and they suggest that these experimental models may be useful in analyses of growth controls in catch-up growth.
Summaiy
Patterns of catch-up growth were investigated alter periods of growth arrest were produced in rats of the Long-Evans strain, 37-41 days of age and 102-135 g body weight, by withholding food, injecting cortisone, or feeding propylthiouracil. Alter lasting there was almost complete catch-up. After short periods of cortisone injections or propyltliiouracil feeding complete or partial failure of catch-up growth of both body weight and tail length was observed. The experimental models illustrate the complexity of the problem of elucidating the catch-up growth mechanism; they may also serve as laboratory models of certain failures of catchup growth in the human.
Iteft'reiicr.s mill Notes
